| INTRODUC TI ON
Inflammation plays an important role in the initiation and progression of cardiovascular diseases. Inflammation may also contribute to the pathogenesis of aortic aneurysm formation and rupture. Creactive protein (CRP) is increased in acute aortic dissection (AAD) and correlates with markers of ischemia.
1,2 Likewise, white cell blood count (WBC) is higher in AAD compared to aortic aneurysms and normal subjects and is associated with higher mortality. 3, 4 WBC subtypes and especially neutrophil to lymphocyte ratio (NLR) have been associated with adverse clinical outcomes in various clinical settings.
We have previously reported that NLR is also significantly higher in AAD. 4 In addition, we have found significant thrombocytopenia and alterations in platelet parameters-platelet size distribution width and mean platelet volume to platelets (PLTs) ratio-in patients with AAD. 5 Platelet to lymphocyte ratio (PLR) is an emerging inflammatory index, which is associated with adverse outcomes. [6] [7] [8] [9] [10] [11] [12] It integrates the risk prediction of PLTs and lymphocytes, reflecting the activation of both hemostatic and inflammatory pathways. 13 Similarly, red cell distribution width (RDW), a measure of variability in size of circulating erythrocytes, is a novel risk factor for total and cardiovascular mortality. 14, 15 RDW indicates the underlying inflammatory state which leads to impaired erythrocyte maturation. The aim of this study was to evaluate alterations in PLR, RDW, and RDW/PLT's ratio (RPR) and any possible association with mortality in AAD.
Background: Inflammation plays an important role in the initiation and progression of acute aortic dissection (AAD). New inflammatory indices derived from full cell blood count and its differential may be associated with increased risk. We evaluated platelet-lymphocyte (PLR), red cell distribution width (RDW) and RDW/PLT's (platelets) (RPR) in AAD.
Methods:
We studied 120 consecutive patients with AAD type I admitted for emergency surgery (group I), 121 consecutive patients with aortic aneurysms of the ascending aorta prior to elective repair (group II) and 121 controls (group III), age and sex matched.
Results: PLR was significantly higher in group I vs both groups II and III (P < .001).
There was an excellent correlation of PLR with neutrophil/lymphocyte ratio (NLR) in all three groups (P < .001 for all). After adjustment for hemoglobin, RDW did not differ but RPR remained significantly higher in group I compared to groups II and III (P < .001). The best cutoff value of PLR to predict dissection was 159 with 53% sensitivity and 86% specificity. No association between PLR, RDW, and RPR and mortality in group I was found.
Conclusions:
Indices derived from full cell blood count may provide diagnostic information in patients with AAD; whether these indices may contribute to prognosis assessment should be further investigated.
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For patients in group I, blood samples were obtained as soon as the patient came to the intensive care unit and before surgery and for patients in group II, the morning of the admission and prior to operation. The measurement of the diameter of the ascending aorta in patients of groups I and II was based on CT angiograms.
Left ventricular ejection fraction was evaluated with transthoracic echocardiogram (Vivid E9 ultrasound system, GE Healthcare, Wauwatosa, USA). In-hospital mortality in groups I and II was retrieved from hospital records.
Kruskal-Wallis was applied to compare all continuous variables between groups; when P was <.05, post hoc analysis was performed with Bonferroni correction. Normality assumption was assessed using histograms and the Kolmogorov-Smirnov test. We used the Spearman correlation coefficient to investigate associations between continuous variables. A receiver operating characteristic curve (ROC) analysis was performed to investigate the diagnostic performance of PLR.
| RE SULTS
The demographic and clinical characteristics of study population are reported in Table 1 . There was no difference in age and gender among the three groups. As expected, patients in groups I and II were more often hypertensive and smokers compared to controls.
Left ventricular ejection fraction was preserved in all three groups, but was lower in group I (P = .002). Of note, aortic diameter was smaller in group I than in group II (P = .009). patients died before surgery, 5 died during surgery, and 10 shortly after, in the intensive care unit. As expected, in-hospital mortality was higher in group I compared to group II (22.5 vs 1.7%, P < .001).
We found that PLR is significantly higher in AAD compared to both aortic aneurysms and controls (P < .001), with no difference between the last two ( Table 2 ). The best cutoff value of PLR to predict dissection was 159 with 53% sensitivity and 86% specificity ( Figure 1 ). In dissection, WBC was higher as were the neutrophils and the NLR (P < .001 for both); inversely, lymphocytes were lower (P < .001). Likewise, marked thrombocytopenia was observed (P < .001). As expected, D-dimers, NT-proBNP, CRP, cardiac enzymes, and creatinine were increased and Hb decreased ( Table 2 ).
There was an excellent correlation of PLR with NLR in all three groups (P < .001 for all). PLR correlated significantly with the number of PLTs in all three groups (P < .001 for I and II, P = .003 for III) and inversely with the number of lymphocytes in all three groups (P < .001). RDW was higher in group I compared to group III (P = .007) and similar between I vs II and II vs III; after adjustment, however, for
Hb values there was no longer statistical difference between our groups (P = .131). The ratio RPR was significantly increased in group I vs both II and III (P < .001), without difference between II and III (P = .64), and this difference remained significant when taking into account the Hb levels (P < .001 and P = .001, respectively). PLR, RDW, and RPR were not associated with mortality in group I.
| D ISCUSS I ON
We have shown, for the first time that PLR and RPR were significantly higher in AAD compared to uncomplicated aortic aneurysms and controls. PLR demonstrated a high degree of specificity but fairly low sensitivity in predicting AAD. For patients with symptoms suggestive of acute aortic syndrome, with or without a history of preexisting aneurysm, mainstream biomarkers exhibiting high specificity may be helpful to the clinician to rule out AAD.
PLR is readily available, widely applied, inexpensive, and reproducible. Thrombocytopenia is presumably due to platelet consumption associated with enhanced fibrinolysis within the false lumen of the dissecting aneurysm. Hypothalamic-pituitary-adrenal axis activation during stress induces cortisol secretion and subsequent relative lymphopenia. Leucocytosis occurs as part of the acute inflammatory process in the vessel wall and carries prognostic significance.
Increased NLR implies higher inflammatory burden, it is due to higher neutrophils as well as lower lymphocytes and may be associated with higher risk. Higher PLR in AAD is not associated with CPK, creatine kinase; CPK-MB, the MB isoenzyme of creatine kinase; CRP, C-reactive protein; Hb, hemoglobin; NLR, neutrophil/lymphocyte ratio; NT-proBNP, N-terminal pro-brain natriuretic peptide; PLR, platelet/lymphocyte ratio; PLT's, platelets count; RDW, red cell distribution width; Tn-I, troponin I; WBC, white cell blood count. Data are expressed as median (25%-75% interquartile range). P value refers to Kruskal-Wallis test between all 3 groups.
TA B L E 2
Laboratory results in acute aortic dissection (group I), aortic aneurysms (group II), and controls (group  III) genesis of cardiovascular diseases is not clear, emerging evidence suggests that it may be important in diagnosis and prognosis of various disorders, independent of Hb values. 24 We found no significant difference in RDW when corrected for Hb values, but the ratio RPR was significantly higher in AAD even after adjustment for Hb.
We compared AAD with aortic aneurysms, although hemostatic and inflammatory indices obviously differ significantly between the two, because these patients share pathology in relation to aortic wall changes and, in addition, this could be of help in differentiating the cause of chest pain in patients with a known aortic aneurysm. Our control group does not include normal volunteers but age and sexmatched patients with established risk factors for vascular disease;
this may, however, be more relevant in every day clinical practice.
| CON CLUS ION
PLR is significantly higher in AAD compared to aortic aneurysms and controls and carries a high degree of specificity but fairly low sensitivity in predicting AAD; PLR is an inflammatory biomarker which might be useful in the diagnosis of AAD. In addition, RDW/PLT's is also higher in AAD. No association between PLR, RDW, and RPR and mortality in AAD was found in this sample size.
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